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1. INTRODUCTION {#rth212101-sec-0003}
===============

Venous thrombosis is the collective term for deep vein thrombosis and pulmonary embolism, indicating the presence of a blood clot obstructing flow in the deep veins or pulmonary arteries, respectively. At an estimated incidence rate of 1‐2 per 1000 persons every year, it is the third most common cardiovascular disease and is associated with substantial short‐ and long‐term morbidity and mortality.[1](#rth212101-bib-0001){ref-type="ref"}, [2](#rth212101-bib-0002){ref-type="ref"}, [3](#rth212101-bib-0003){ref-type="ref"}, [4](#rth212101-bib-0004){ref-type="ref"} Short‐term consequences of venous thrombosis include the absolute need for anticoagulant therapy, which is inevitably associated with an increased bleeding risk[5](#rth212101-bib-0005){ref-type="ref"}; the estimated case‐fatality rate is approximately 6% after 30 days.[2](#rth212101-bib-0002){ref-type="ref"} Long‐term consequences concern the risk of disease recurrence, as approximately 20‐25% of all patients have a recurrence within 5 years.[6](#rth212101-bib-0006){ref-type="ref"} Other long‐term consequences include the risk of developing post‐thrombotic syndrome (PTS, in 20‐50% of patients with a deep vein thrombosis)[7](#rth212101-bib-0007){ref-type="ref"} and the rare but potentially life threatening condition chronic thromboembolic pulmonary hypertension (CTEPH) that occurs in approximately 0.6% of patients with pulmonary embolism.[8](#rth212101-bib-0008){ref-type="ref"} Venous thrombosis is a leading cause of disability‐adjusted life years (DALYs) lost[9](#rth212101-bib-0009){ref-type="ref"} and associated with substantial healthcare costs.[10](#rth212101-bib-0010){ref-type="ref"}, [11](#rth212101-bib-0011){ref-type="ref"} In the past decades, several changes in the prevention, diagnostic strategies, and management of venous thrombosis have been achieved. For instance, guidelines now suggest extended or lifelong duration of anticoagulant therapy in men with a first unprovoked event, while previously, a limited treatment duration was recommended for these patients.[12](#rth212101-bib-0012){ref-type="ref"} Pulmonary embolism is now almost always diagnosed with computed tomography (CT) angiography or ventilation perfusion scan instead of (the gold standard) pulmonary angiography,[13](#rth212101-bib-0013){ref-type="ref"} and for several risk situations, such as surgery, near‐universal thromboprophylaxis strategies have been implemented.[14](#rth212101-bib-0014){ref-type="ref"}, [15](#rth212101-bib-0015){ref-type="ref"}, [16](#rth212101-bib-0016){ref-type="ref"} In addition, the prevalence of risk factors for venous thrombosis in populations is continuously changing. There is an epidemic of obesity in the aging Westernized population in which, for instance, 32.5% of the adult population in the Netherlands was overweight (body mass index \[BMI\] ≥ 25 kg/m^2^) in 1995 which increased to 41.7% in 2010,[17](#rth212101-bib-0017){ref-type="ref"} while the use of hormone replacement therapy in women over 50 has declined after it was shown in the early 2000s that such therapy increases both the risk of arterial cardiovascular disease as well as venous thrombosis.[18](#rth212101-bib-0018){ref-type="ref"}, [19](#rth212101-bib-0019){ref-type="ref"} Therefore, it is important to evaluate the burden of venous thrombosis over time, to assess whether we are making progress in the prevention of this disease and to find leads as to how we can reduce the venous thrombotic disease burden even further. In this article, by reviewing the available evidence including state of the art research presented at the International Society on Thrombosis and Haemostasis (ISTH) Congress 2017, we aim to answer two questions: (1) are we making progress in decreasing the burden of venous thrombosis in the general population, and (2) how can we proceed further in preventing venous thrombosis disease in the community?

2. VENOUS THROMBOSIS INCIDENCE OVER TIME {#rth212101-sec-0004}
========================================

One of the ways to evaluate disease burden is by studying its incidence (number of persons who get the disease in a population at risk, per size of the population and a given time period). However, the total burden of the disease goes beyond first events, as it also includes post‐thrombotic syndrome, anticoagulant treatment, mortality, recurrent events and health‐care associated costs. To estimate the total burden, we will therefore consider the first event as a "marker" of the total burden of thrombotic disease that follows after a first event. For this, we need data on trends on venous thrombosis incidence from populations‐based studies.

In a United States population‐based study by Heit and colleagues, the average age‐ and sex‐adjusted incidence of a first venous thrombosis in the Olmsted County population was 10.2 (95% CI 10.2‐10.3) per 10 000 person‐years which did not change over the course of 30 years (1981‐2010 based on 3293 events, Figure [1](#rth212101-fig-0001){ref-type="fig"}A).[3](#rth212101-bib-0003){ref-type="ref"} In contrast, in another population‐based study from the United States, Huang and colleagues showed that the age‐ and sex‐adjusted incidence of a first event increased in the period 1985‐2009 from 7.3 (95% CI 6.4‐8.2) per 10 000 person‐years to 13.3 (95% CI 12.2‐14.3), based on 3887 events (Figure [1](#rth212101-fig-0001){ref-type="fig"}B). The authors observed that the rise was mainly due to an increase in the incidence of pulmonary embolism.[20](#rth212101-bib-0020){ref-type="ref"} Alotaibi and colleagues assessed the incidence of venous thrombosis over calendar‐time in Alberta, Canada (4 million individuals).[21](#rth212101-bib-0021){ref-type="ref"} Between 2004 and 2012 there were 31 656 incident acute venous thrombosis events, with an overall age‐ and sex‐standardized incidence rate of 13.8 (95% CI 13.7‐14.0) per 10 000 person‐years. This incidence rate did not change during the study period.[21](#rth212101-bib-0021){ref-type="ref"} In the Norwegian Tromsø study, in which 26 855 persons aged 25‐97 were followed from 1994/1995 throughout 2012, the incidence of a first symptomatic venous thrombosis (based on 693 events) increased from 15.8 (95% CI 11.6‐19.9) per 10 000 persons years in 1996 and 1997 to 20.1 (95% CI 16.0‐24.3) in 2010 and 2011.[22](#rth212101-bib-0022){ref-type="ref"}

![Absolute risk of first venous thrombosis over the course of time in three independent studies. Age‐adjusted incidence rates of first venous thrombosis: A, among Olmsted County, Minnesota residents, 1981‐2010 based on 3293 events as published by Heit and colleagues,[3](#rth212101-bib-0003){ref-type="ref"} printed with permission from Schattauer publishers; B, among residents of Worcester, Massachusetts, 1985‐2009 based on 3887 events, printed with permission of Elsevier as published by Huang and colleagues[20](#rth212101-bib-0020){ref-type="ref"}; and C, over the course of 10 years in three large anticoagulation clinics in the Netherlands, adapted from Scheres et al.,[24](#rth212101-bib-0024){ref-type="ref"} based on 14 253 events](RTH2-2-199-g001){#rth212101-fig-0001}

To investigate the incidence of first venous thrombosis events over calendar time in the Netherlands, we conducted a dynamic population‐based study between 2003 and 2012, as was previously described by Kort et al.[23](#rth212101-bib-0023){ref-type="ref"}, [24](#rth212101-bib-0024){ref-type="ref"} Since only patients treated with vitamin K antagonists are included in the study, patients using long term low‐molecular‐weight heparins for venous thrombosis treatment (such as patients with a malignancy or pregnant patients) are underrepresented. Patients who died as a result of or shortly after the event are therefore neither in the study. The results of this study were presented at the ISTH congress of 2017, as depicted in Figure [1](#rth212101-fig-0001){ref-type="fig"}C (adapted from Scheres et al.[24](#rth212101-bib-0024){ref-type="ref"}), from which it appears that, based on these 14 253 events, the overall age‐adjusted incidence rate of first venous thrombosis did not change over the course of 10 years.

Taken the results from these five studies together, it can be concluded that the incidence of (diagnosed) first venous thrombosis remained relatively unchanged over the past decades. This would suggest that we are not making progress in preventing venous thrombotic disease in the general population. However, such an interpretation might be too superficial and we first need to examine the determinants of these incidences more closely.

3. DETERMINANTS OF VENOUS THROMBOSIS INCIDENCE {#rth212101-sec-0005}
==============================================

The three main determinants that can influence the incidence of venous thrombosis in a general population are: (1) the prevalence of risk factors for venous thrombosis, (2) the number and method of diagnostic procedures, and (3) the implementation of thrombophrophylactic strategies.

3.1. Prevalence of risk factors {#rth212101-sec-0006}
-------------------------------

The incidence of any disease is dependent on the prevalence of risk factors in the population at risk for the disease. Obviously, when more individuals have (multiple) risk factors, the more likely it becomes that these individuals will actually get the disease.

For venous thrombosis, risk factors can roughly be classified into two main categories, ie, acquired and genetically determined.[25](#rth212101-bib-0025){ref-type="ref"} Acquired risk factors can be either transient or persistent. Transient risk factors are only present for a certain time period, such as, for example, long‐haul flights or pregnancy and the postpartum period. Examples of persistent acquired risk factors are inflammatory bowel disease or overweight and obesity. Genetically determined risk factors are non‐modifiable and always present such as male sex, mutations leading to thrombophilia or body height.[25](#rth212101-bib-0025){ref-type="ref"}

In Table [1](#rth212101-tbl-0001){ref-type="table"}, risk factors for first venous thrombosis that we discuss in this review are shown. In addition, we have indicated whether we anticipate an increase or decrease in the prevalence of these risk factors in Western countries in coming years. As an example, trends in the prevalence of these risk factors over calendar time in the Netherlands are shown in Figure [2](#rth212101-fig-0002){ref-type="fig"}, based on data provided by Statistics Netherlands,[17](#rth212101-bib-0017){ref-type="ref"}, [26](#rth212101-bib-0026){ref-type="ref"}, [27](#rth212101-bib-0027){ref-type="ref"}, [28](#rth212101-bib-0028){ref-type="ref"}, [29](#rth212101-bib-0029){ref-type="ref"}, [30](#rth212101-bib-0030){ref-type="ref"} Royal Schiphol Group,[31](#rth212101-bib-0031){ref-type="ref"} and the Netherlands Comprehensive Cancer Organisation.[32](#rth212101-bib-0032){ref-type="ref"} In the near future, the prevalence of most of these risk factors is likely to increase further. As shown in Figure [2](#rth212101-fig-0002){ref-type="fig"}, the number of total hospitalizations and persons with an active malignancy has increased over the years (1.4‐1.5 fold, respectively, when comparing the year 2010 with 1995). A similar pattern was described by Torre and colleagues in 2015, who observed an increase in global cancer prevalence.[33](#rth212101-bib-0033){ref-type="ref"} In 1995, 13.7% of the Dutch population was aged \>65, which increased to 16.0% in 2010. This is in concordance with the global aging of the population, as reported by the Global Aging Institute.[34](#rth212101-bib-0034){ref-type="ref"} The population was more often overweight/obese in 2010 than in 1995, in line with reports from the World Health Organization (WHO), describing a global increase of overweight and obese populations.[35](#rth212101-bib-0035){ref-type="ref"} Air travel from the main airport terminal in the Netherlands (Schiphol, Amsterdam) has nearly doubled from 1995 to 2010, a similar trend can be observed from data on worldwide air travel from the World Data Bank.[36](#rth212101-bib-0036){ref-type="ref"} Both the total number of surgeries as well as high‐risk venous thrombosis surgeries, such as total knee and hip replacements, increased from 1995 to 2010 in the Netherlands, where the number of knee replacements more than doubled over this timeframe. An increase in the global surgery volume was also reported by the WHO.[37](#rth212101-bib-0037){ref-type="ref"} In contrast, oral or injectable contraceptive use among women \<50 years declined slightly and the number of live birth pregnancies was constant over time. However, the number of live birth pregnancies in women aged 40 years or older increased two‐fold from 1995 to 2010, who carry a higher risk for venous thrombosis than pregnant younger mothers.[38](#rth212101-bib-0038){ref-type="ref"}, [39](#rth212101-bib-0039){ref-type="ref"}, [40](#rth212101-bib-0040){ref-type="ref"} In a 2015 report by the United Nations, a slight global decrease in the number of pregancies is projected globally in the coming decades, where especially in Western countries, the maternal age at chilbirth is increasing.[41](#rth212101-bib-0041){ref-type="ref"} In addition, at the ISTH congress of 2017, O\'Shaughnessy et al. reported on venous thrombosis risk factors in 16 218 women who delivered at the Rotunda Hospital in Dublin between September 2014 and December 2016. The majority, i.e, 82% of women, had at least one venous thrombosis risk factor (on top of pregancy) and over half of the women had two or more risk factors. Of all 16 218 women, 5380 (33.2%) were 35 years or older.[42](#rth212101-bib-0042){ref-type="ref"}

###### 

Venous thrombosis risk factors and anticipated change of prevalence the coming years

  Risk factor                                                               Estimated relative risk (compared to the general population)[\*](#rth212101-note-0002){ref-type="fn"}   Anticipated prevalence increasing or decreasing   References for change in prevalence
  ------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------- ------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------
  Provoked, Transient                                                                                                                                                                                                                 
  General, orthopedic surgery and hospitalization                           5‐50                                                                                                    ↑                                                 [26](#rth212101-bib-0026){ref-type="ref"}, [27](#rth212101-bib-0027){ref-type="ref"}, [37](#rth212101-bib-0037){ref-type="ref"}
  Long‐haul (air) travel                                                    2.5‐3                                                                                                   ↑                                                 [31](#rth212101-bib-0031){ref-type="ref"}, [36](#rth212101-bib-0036){ref-type="ref"}
  Infections                                                                1‐3                                                                                                     ↑                                                 [27](#rth212101-bib-0027){ref-type="ref"}
  Pregnancy and postpartum period                                           3‐5                                                                                                     ↓/(↑ older maternal age)                          [28](#rth212101-bib-0028){ref-type="ref"}, [41](#rth212101-bib-0041){ref-type="ref"}
  Oral contraceptive use                                                    4‐7                                                                                                     ↓                                                 [29](#rth212101-bib-0029){ref-type="ref"}
  Hormone replacement therapy                                               2‐5                                                                                                     ↓                                                 [73](#rth212101-bib-0073){ref-type="ref"}
  Provoked, Persistent                                                                                                                                                                                                                
  Overweight and obesity                                                    2‐3                                                                                                     ↑                                                 [17](#rth212101-bib-0017){ref-type="ref"}, [35](#rth212101-bib-0035){ref-type="ref"}
  Active malignancy                                                         7‐20                                                                                                    ↑                                                 [32](#rth212101-bib-0032){ref-type="ref"}, [33](#rth212101-bib-0033){ref-type="ref"}
  Chronic (inflammatory) diseases[a](#rth212101-note-0003){ref-type="fn"}   1‐10                                                                                                    ↑                                                 [74](#rth212101-bib-0074){ref-type="ref"}, [75](#rth212101-bib-0075){ref-type="ref"}
  Unprovoked                                                                                                                                                                                                                          
  Increasing age                                                            1‐∞                                                                                                     ↑ (older population)                              [30](#rth212101-bib-0030){ref-type="ref"}, [34](#rth212101-bib-0034){ref-type="ref"}
  Body height                                                               1.5‐4                                                                                                   =/↑ (global increase)                             [17](#rth212101-bib-0017){ref-type="ref"}, [76](#rth212101-bib-0076){ref-type="ref"}
  Male sex                                                                  2                                                                                                       =                                                 [30](#rth212101-bib-0030){ref-type="ref"}
  Genetic risk factors[b](#rth212101-note-0005){ref-type="fn"}              1‐20                                                                                                    =                                                 [77](#rth212101-bib-0077){ref-type="ref"}, [78](#rth212101-bib-0078){ref-type="ref"}

↑ increase. ↓; decrease. =; no change. \*List of risk factors and relative risk adapted from Lijfering et al.[79](#rth212101-bib-0079){ref-type="ref"}

Chronic kidney diseases, Human immunodeficiency virus, hyperthyroid disease, inflammatory bowel disease, systemic lupus erythematosus, amongst others.

Factor V Leiden mutation, Prothrombin G20210A mutation, genetic deficiencies of protein S, protein C, or antithrombin, non--O blood group amongst others.

John Wiley & Sons, Ltd

![Trends in the prevalence of several risk factors for venous thrombosis, 1995‐2010. \*Reference is 1995 except for contraceptives (oral or injectable) where the reference year is 1998. A denotes, major medical conditions; B, demographics and lifestyle; C, surgery (all) and orthopedic surgery; D, female‐specific risk factors. Adapted from statistics Netherlands,[17](#rth212101-bib-0017){ref-type="ref"}, [26](#rth212101-bib-0026){ref-type="ref"}, [27](#rth212101-bib-0027){ref-type="ref"}, [28](#rth212101-bib-0028){ref-type="ref"}, [29](#rth212101-bib-0029){ref-type="ref"}, [30](#rth212101-bib-0030){ref-type="ref"} Royal Schiphol Group,[31](#rth212101-bib-0031){ref-type="ref"} and Netherlands Comprehensive Cancer Organisation.[32](#rth212101-bib-0032){ref-type="ref"} Precise numbers are available in Table [S1](#rth212101-sup-0001){ref-type="supplementary-material"}](RTH2-2-199-g002){#rth212101-fig-0002}

Overall, the prevalence of these risk factors is increasing and many of these risk factors are currently unavoidable.

3.2. Diagnostic procedures {#rth212101-sec-0007}
--------------------------

Second, the incidence of venous thrombosis is dependent on the number of events identified. An increase in the number of imaging tests will result in an increased number of encountered (either symptomatic, asymptomatic or misclassified) events. As was previously described by Wiener and colleagues, there has been a rise in the use of CT pulmonary angiograms with increasing availability of CT, as it also allows finding other causes for pulmonary embolism--like symptoms. At the same time, the image quality is continuously improving, resulting in finding more smaller (subsegmental) pulmonary emboli and hence, an increase in incidence. In contrast, the age‐adjusted, in‐hospital case‐fatality rate of pulmonary embolism decreased from 12.1% in 1998 to 7.8% in 2006. This suggests that at least some of these pulmonary emboli are self limiting or misclassified events.[43](#rth212101-bib-0043){ref-type="ref"}, [44](#rth212101-bib-0044){ref-type="ref"} A similar observation was reported by Dentali and colleagues, in a study on admission for pulmonary embolism in a region with approximately 13 million inhabitants in Italy, where the incidence of pulmonary embolism increased between 2002 and 2012 from 4.0 to 6.2 per 10 000 persons per year in women and from 3.5 to 4.6 in men. The case‐fatality rate decreased over this time frame (from 15.6% to 10.2% in women and from 17.6% to 10.2% in men).[45](#rth212101-bib-0045){ref-type="ref"} In the Netherlands, we also observed an increase in pulmonary embolism diagnoses over calendar time, but a decrease in incidence of deep vein thrombosis (Figure [3](#rth212101-fig-0003){ref-type="fig"}), resulting in an overall unchanged incidence rate of first venous thrombosis. A similar observation was reported previously by Huang and colleagues, in their study among residents from Worcester in the United States from 2001 the incidence of (distal or proximal) first deep vein thrombosis decreased and the incidence first pulmonary embolism increased (Figure [1](#rth212101-fig-0001){ref-type="fig"}B).[20](#rth212101-bib-0020){ref-type="ref"} In parallel with this observation, there was an increase in noninvasive testing between 1985 and 2009. Notably, after 2005 the incidence of first (distal or proximal) deep vein thrombosis also seemed to increase again.[20](#rth212101-bib-0020){ref-type="ref"} A comparable finding was reported based on data from the United States Healtcare Cost and Utilization Nationwide Inpatient Sample, in which the hospitalization rates for pulmonary embolism increased from 1996 to 2014. The hospitalization rates for deep vein thrombosis initially increased up to 2012 and decreased afterwards.[46](#rth212101-bib-0046){ref-type="ref"} These observations also are in line with a report from the Norwegian Tromsø study that showed that the incidence of pulmonary embolism increased from 4.5 (95% CI 2.3‐6.7) per 10 000 person‐years in 1996 and 1997 to 11.3 (95% CI 8.2‐14.4) in 2010 and 2011, where the incidence of isolated deep vein thrombosis decreased during this timeframe, from 11.2 (95% CI 7.7‐14.6) per 10 000 person years in 1996 and 1997 to 8.8 (95% CI 6.1‐11.5) in 2010 and 2011.[22](#rth212101-bib-0022){ref-type="ref"} It is currently uncertain whether patients with subsegmental pulmonary emboli (either symtomatic or asymptomatic and outside of special patients groups) benefit from anticoagulant treatment. For this purpose, an international cohort management study currently investigates the safety of withholding anticoagulants in these patients (NCT01455818).

![Absolute risk of first deep vein thrombosis and pulmonary embolism over the course of time in three large anticoagulation clinics in the Netherlands. Incidence of first pulmonary embolism and deep vein thrombosis over the course of 10 years in three large anticoagulation clinics in the Netherlands[24](#rth212101-bib-0024){ref-type="ref"}](RTH2-2-199-g003){#rth212101-fig-0003}

Although incidence data over time are limited, the increase in use of whole‐leg ultrasound as opposed to the use of only proximal ultrasound has likely led to an increase in identification of distal deep vein thromboses. Although these can present with troublesome symptoms, distal deep vein thromboses are less burdensome than proximal deep vein thrombosis as they are associated with a lower recurrence and mortality rate.[47](#rth212101-bib-0047){ref-type="ref"}, [48](#rth212101-bib-0048){ref-type="ref"} Whether patients (outside of special patient groups) with symptomatic distal deep vein thromboses benefit from anticoagulation therapy is currently debated.[49](#rth212101-bib-0049){ref-type="ref"}, [50](#rth212101-bib-0050){ref-type="ref"} Consequently, in centers in which patients with distal deep vein thrombosis are treated with anticoagulants, whole‐leg ultrasound is often used, whereas in centers where distal deep vein thrombosis is typically not treated, only proximal ultrasound is used. For this reason, distal deep vein thromboses are often not or only partly included in incidence studies. In contrast, there is strong evidence and global consensus for several decades that proximal deep vein thrombosis necessitates treatment with anticoagulant therapy. Therfore, the incidence of proximal deep vein thrombosis over the past years will not have been, or only slighty, affected by changes in diagnostic and treatment strategies.

In summary, the overall incidence of first venous thrombosis is dependent on the number of imaging tests performed. In the past few years there has been an increase in imaging quality and the number of diagnostic tests performed which has especially resulted in an increased number of (subsegmental) pulmonary emboli diagnoses. In contrast, the incidence of proximal deep vein thrombosis has decreased.

3.3. Prophylactic strategies {#rth212101-sec-0008}
----------------------------

Third, the incidence of venous thrombosis is influenced by the usage of tromboprophylactic strategies. Increasing the use of thromboprophylaxis will decrease the number of venous thrombosis events. Prophylactic strategies can be implemented for high‐risk situations, such as hospitalization, medical illness, orthopedic surgery, trauma or pregnancy. As it is challenging, if not currently impossible, to use prophylaxis to prevent unprovoked trombotic events (since there is no preceding high‐risk situation that can be identified or anticipated on in these individuals), the efficacy of prophylactic strategies can only be inferred from assesing the incidence of provoked events over calender time because if profylactic strategies are succesful, this should be reflected by a decline in provoked events. This is indeed the case, as was shown by Heit and colleagues, who reported a decline in the incidence of provoked first venous thrombotic events from 1981‐2010.[3](#rth212101-bib-0003){ref-type="ref"} In addition, the implementation of a nationwide program for venous thrombosis prevention in England has resulted in a risk assesment in over 95% of patients admitted to an acute National Health Service hospital.[51](#rth212101-bib-0051){ref-type="ref"} In a subsequent study by Roberts and colleagues, it was shown that succesful risk assesment was also associated with a reduction in hospital‐associated venous thrombosis events in England; risk ratio 0.88 (95% CI 0.74‐0.98).[51](#rth212101-bib-0051){ref-type="ref"}, [52](#rth212101-bib-0052){ref-type="ref"}

In brief, thromboprophylaxic strategies seem efficacious in reducing the incidence of venous thrombosis, when correctly and rigourously applied.

4. ARE WE MAKING PROGRESS? {#rth212101-sec-0009}
==========================

To answer the question whether we are making progress one needs to combine knowledge on the epidemiological patterns of the venous thrombosis burden with knowledge on its determinants. This way, we can observe progress in three ways (summarized in Table [2](#rth212101-tbl-0002){ref-type="table"}). First, despite an increase in the prevalence of most risk factors, the incidence remained relatively unchanged over the past years: this means we must have made progress, otherwise the incidence would have increased in concordance with the rise in prevalence of risk factors. Second, over the years the incidence of pulmonary embolism has increased, due to the finding of more subsegmental pulmonary emboli.[43](#rth212101-bib-0043){ref-type="ref"}, [44](#rth212101-bib-0044){ref-type="ref"}, [45](#rth212101-bib-0045){ref-type="ref"} In addition, the incidence of proximal deep venous thrombosis, which has not been subject to changes in diagnostic management, seems to decline. As the overall incidence remains unchanged, a portion of deep venous thrombosis and pulmonary emboli must have been prevented, and "replaced" by less burdensome (subsegmental) or misclassified pulmonary emboli. Hence, there is progress. Third, over the years several thromboprophylaxis strategies have been implemented that resulted in a reduction of the number of hospital associated thromboses.[51](#rth212101-bib-0051){ref-type="ref"}, [52](#rth212101-bib-0052){ref-type="ref"} Taken together, although the incidence of venous thrombosis did not go down, we are making progress. There is, nevertheless, room for advancement, which we will discuss below.

###### 

Summary of the determinants of venous thrombosis incidence, the direction of their effect and current indicators that we are making progress

  Determinant                              Increase results in ↓/↑ incidence   Decrease results in ↓/↑ incidence   Current indicator that we are making progress
  ---------------------------------------- ----------------------------------- ----------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Prevalence of risk factors               ↑                                   ↓                                   Despite an increase in risk factor prevalence, venous thrombosis incidence remained unchanged
  Number and quality of diagnostic tests   ↑                                   ↓                                   Despite a rise in identification of subsegmental pulmonary emboli, venous thrombosis incidence remained unchanged
  Usage of thromboprophylaxis strategies   ↓                                   ↑                                   More and better thromboprophylaxis strategies balance the rise in risk factors and number of diagnostic tests, resulting in an overall unchanged venous thrombosis incidence

↑; increases the venous thrombosis incidence. ↓; decreases the venous thrombosis incidence.

John Wiley & Sons, Ltd

5. HOW CAN WE FURTHER IMPROVE? {#rth212101-sec-0010}
==============================

5.1. Prevention of first venous thrombosis {#rth212101-sec-0011}
------------------------------------------

Knowledge on incidence of venous thrombosis and its determinants is useful for two purposes: (1) better understanding of the pathophysiology of venous thrombosis, and (2) prevention of venous thrombosis. However, for the latter, we are restricted to prevention of provoked events, as individuals at risk for unprovoked thrombosis are hard to identify. For individuals at risk of provoked events, the risk can be reduced whilst the provoking risk factor is in play. For example, patients undergoing major (orthopedic) surgery receive prophylaxis for a certain period after the surgery. Such prophylactic strategies can be implemented in two ways, either in all patients during a high‐risk situation or limited to patients with actual (estimated) high risk of an event during the high‐risk situation.

5.2. General prophylaxis in high‐risk situations {#rth212101-sec-0012}
------------------------------------------------

This first possible strategy, which is currently applied, is to provide thromboprophylaxis to all patients during a high‐risk situation. This is frequently done when the duration of the risk situation is relatively short and thromboprophylaxis is easily administered, for example in immobilized patients admitted to the hospital or in patients recovering from major surgery.[15](#rth212101-bib-0015){ref-type="ref"}, [16](#rth212101-bib-0016){ref-type="ref"}, [53](#rth212101-bib-0053){ref-type="ref"} This strategy is more challenging and impractical when the high‐risk situation is of longer duration, for example during pregnancy in women with inherited antithrombin deficiency,[54](#rth212101-bib-0054){ref-type="ref"} or in patients with an active malignancy.[55](#rth212101-bib-0055){ref-type="ref"} Moreover, the longer patients receive prophylaxis, the higher the chances of a bleeding event. In addition, we have to keep in mind that the absolute risk of an event can still be relatively low, generally a few percent. Hence, there are many patients in high‐risk situations who will not develop a venous thrombosis, possibly not even without prophylaxis. To complicate matters even further, there will be patients who will develop thrombosis, despite taking prophylaxis. As an example, in a Cochrane review on thromboprophylaxis after major orthopedic surgery, 2% of patients developed venous thrombosis despite thromboprophylaxis with low‐molecular‐weight heparin.[56](#rth212101-bib-0056){ref-type="ref"} In addition, in the POT‐KAST and POT‐CAST trials low‐dosed thromboprophylaxis was compared with no thromboprophylaxis for preventing symptomatic venous thrombosis in patients who underwent knee arthroscopy for the duration of eight days and for the full period of immobilization patients with casting of the low leg, respectively. There was no difference in the incidence of the primary outcome, ie, symptomatic venous thrombosis, between both arms in these trials. In the treatments arms of these trials, thromboprophylaxis did not prevent thrombosis in 0.7% (POT‐KAST) and 1.4% (POT‐CAST) of the patients, respectively.[57](#rth212101-bib-0057){ref-type="ref"} In line with this, the aforementioned study on the risk assessment program after achieving coverage of \>90% of hospitalized patients being risk assessed in England resulted in fact in only a small risk reduction, risk ratio 0.88 (95% CI 0.79‐0.98), of hospital associated thrombosis.[52](#rth212101-bib-0052){ref-type="ref"} In another study, investigators set out to assess the effect of achieving nearly universal thromboprophylaxis use at the Mayo Clinic hospital (Rochester, MN, USA) on incidence of in hospital venous thrombosis (defined as events which occurred in the hospital or within 92 days after any hospital discharge) over the years 2005‐2010.[14](#rth212101-bib-0014){ref-type="ref"} The authors concluded that, as the incidence remained unchanged, despite an increase in the rate of thromboprophylaxis to \~90% near the midpoint of the study period, the thromboprophylaxis had been insufficient.[14](#rth212101-bib-0014){ref-type="ref"}

Overall, general (low‐dosed) thromboprophylaxis strategies do not seem sufficient for all high‐risk patients. An obvious explanation for this observation is that venous thrombosis is a multicausal disease, implying that several risk factors need to be present to reach a certain "thrombosis threshold" and the disease to occur.[58](#rth212101-bib-0058){ref-type="ref"} The number of risk factors present in an individual, however, is likely be different among individuals. Furthermore, the risk in an individual is also dependent on the strength of the risk factors present. As illustrations, in women using oral contraceptives, the activated protein C (APC) resistant effects may increase the risk of a venous thrombosis synergistically when a prothrombotic mutation such as Factor V Leiden is also present.[59](#rth212101-bib-0059){ref-type="ref"} In a different example, the increased risk of venous thrombosis is stronger in tall and short persons than persons of average size during long haul flights, likely because they are more prone to obstructed blood flow due to the unnatural sitting circumstances.[60](#rth212101-bib-0060){ref-type="ref"} In summary, venous thrombosis can result from different combinations of risk factors, where some combinations result in stronger effects than others and can vary among patient characteristics. This can explain why some patients develop thrombosis despite anticoagulant treatment, while many others never develop it, even in the absence of treatment. This concept suggests the need for an individualized approach. Combining and integrating knowledge on the presence of predisposing factors in individuals in statistical models, should ideally lead to the possibility to determine the size of the risk of venous thrombosis in a particular patient in a particular situation.

5.3. Risk prediction tailored prophylaxis {#rth212101-sec-0013}
-----------------------------------------

To further improve the current situation and continue to reduce the number of venous thrombosis evens, risk assessment models (also known as prediction models or RAMs) seem promising. These models ideally allow identification of individuals at high or low venous thrombosis risk during a specific risk situation.[61](#rth212101-bib-0061){ref-type="ref"} In recent years, several models have been developed for different patient populations such as patients with cancer[62](#rth212101-bib-0062){ref-type="ref"} on which a novel model was also presented at the ISTH 2017 congress by Pabinger and colleagues,[63](#rth212101-bib-0063){ref-type="ref"} major trauma,[64](#rth212101-bib-0064){ref-type="ref"} lower extremity cast‐immobilization,[65](#rth212101-bib-0065){ref-type="ref"} medical inpatients,[66](#rth212101-bib-0066){ref-type="ref"} or postpartum women,[67](#rth212101-bib-0067){ref-type="ref"} among others. In order to optimize the safe utilization of these models, they first need to be externally validated (ie, tested in a dataset different from the set in which the models were built). Models may seem to perform well in the dataset in which they were built, but performance is often limited in external validation studies (even when the target population for the model is similar).[68](#rth212101-bib-0068){ref-type="ref"} Next, models can be improved by studying the potential added value (so called incremental value studies) of a new predictor which was not yet used in the initial version of the model.[69](#rth212101-bib-0069){ref-type="ref"} A potential pitfall in the era of risk assessment models is when all efforts are aimed towards the development of new separate models instead of focusing on the validation and improvement of currently available models. In a systematic review on available risk assessment models for cardiovascular disease in the general population it was shown that there is an excess of separate models (n = 363).[70](#rth212101-bib-0070){ref-type="ref"} Moreover, external validation, incremental value studies or studies comparing the performance of models were often not performed.[70](#rth212101-bib-0070){ref-type="ref"} Although this systematic review excluded venous thrombosis models and a systematic overview of venous thrombosis models is lacking, the same challenges apply. As an example, at the ISTH congress of 2017, Blondon and colleagues presented the results of an external validation and comparison to the Geneva RAM of the Improve RAM for thromboprophylaxis for acutely ill medical patients.[71](#rth212101-bib-0071){ref-type="ref"} Finally, to actually achieve a reduction in the venous thrombosis burden by preventing events by using these models, efforts towards the implementation and prospective evaluation (eg, impact studies) of well performing available models are necessary.[72](#rth212101-bib-0072){ref-type="ref"} In brief, we can further proceed in reducing the burden of venous thrombosis by the development, validation, and implementation of well‐performing risk assessment models that will allow identification of patients who require (duration and dose tailored) thromboprophylaxis. As general (low‐dose) thromboprophylaxis does not seem effective in all high‐risk patients, trials are needed to determine the optimal dose and duration of thromboprophylaxis in these patients.

6. CONCLUSION {#rth212101-sec-0014}
=============

To conclude, we are definitely making progress in reducing the venous thrombosis burden. This progress can be deduced from a relatively unchanged incidence rate over the past decade(s), despite an increasing prevalence of risk factors and identification of subsegmental emboli. This progress can be attributed to better and more frequent implementation of thromboprophylaxis strategies which have resulted in a reduced number of events in patients during high‐risk situations. We can likely proceed further by developing, validating, and implementing risk assessment strategies, in which persons at high‐risk during risk situations can be identified and prescribed adequate thromboprophylaxis, whereas in patients at low risk prophylaxis can be safely withheld.
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